With the advance in knowledge concerning the distribution of the Trypanosomca evansi and Trypanosoma equiperd-um groups, we have now discovered the importance of this subject in subtropical and even temperate as well as in tropical regions.
It is difficult to know what aspects of so wide a subject should be considered in a discussion of this character. But as I have not worked intensively in any particular branch of the subject, I think that it will be best for me just to deal with what appear to be some of the more important questions connected with trypanosomes, and to trust to subsequent speakers to carry those questions further, and deal with them in a deeper manner.
(1) CLASSIFICATION. When endeavouring to compare and correlate the observations recorded by the many workers on trypanosomiasis in different parts of the world, the first difficulty that we encounter is that of satisfactorily classifying and separating the distinct species of trypanosomes. Although the morphological characters of the parasites cannot be regarded as quite fixed and constant, they undoubtedly afford the best basis for classification, and for this purpose appear to be very much more suitable than most of the physiological characters which we can at present appreciate. Determinations of the degree of virulence exhibited by a strain towards particular species of mammals, and cross-immunity tests, may give valuable information, but few workers would attach to them the degree of importance-especially with respect to classification-formerly accorded them. A classification based on a combination of morphological and biological characters has many disadvantages and dangers, but probably most workers will agree that the mode of development in the fly is a fundamental and stable character, which undoubtedly solves many difficulties.
In my youth the sep'aration of the different species of trypanosomes appeared to be a comparatively easy task, but later it became obviously one of maddening complexity.
Lately there has been a tendency to group and correlate more, and to evolve more generalizations, and Dr. Wenyon, in his recently published book, has dealt with the subject of the trypanosomes in a simple and yet comprehensive manner. Whatever criticism he may possibly receive on particular points, tropical workers in general will welcome warmly his orderly presentation of a difficult subject. Although differences in the range and degree of virulence cannot be accepted as providing a satisfactory basis for classification, they are nevertheless of great interest and importance, and further observations on this point are undoubtedly necessary. For example, it is well known that surra tends to run a chronic course in cattle and buffaloes, and both of these classes of animals are often so little affected that the presence of Trypanosoma evansi in their blood owes its importance solely to the fact AP-Comp. MED., TROP. Dis. I [January 5, 1927. that they constitute a reservoir of infection, and therefore a menace to the more susceptible equines and dogs in the neighbourhood. On the other hand, in some instances the cattle may prove very susceptible. Although the buffaloes are resistant, in certain areas they, too, may suffer quite severely. And yet in all these various cases we may be forced to identify the causal organism as Trypanosoma evansi.
Similarly Trypanosomiia brucei is generally not very virulent for cattle, but some striking exceptions to the rule have been observed.
We are naturally forced to recognize the existence of different " strains " of particular species of trypanosomes (as of many other parasites also), but there is need for close study of the conditions under which such different strains seem to have been evolved.
One may suppose, for example, that virulence tends to be exalted when trypanosomes spread amongst a population of very susceptible animals, never previously exposed to their attack, and on these lines one may perhaps explain the high degree of virulence ,exhibited by Trypanosoma evansi when surra was first introduced into Mauritius.
There are other instances, however, where, upon the reported facts, no such ready explanation is forthcoming. In recording observations of this nature it is obviously desirable to pay attention to the particular breeds and strains of mammals affected, and to any other factors in connexion with their present state or past history which may have a bearing on the case. The question of isolation from surrounding territories (arising from geographical, economic or racial considerations) may perhaps be of importance in this connexion. Apart from such factors, however, we have to recognize the possibility of sudden mutations, and we have to take into account the effect of an individual host on the parasite. Without doubt, passage through a certain particularly susceptible individual may radically alter the virulence of a parasite for other and more normal individuals of the same species. Such changes have been proved to occur, particularly in connexion with certain filtrable viruses, e.g., the horse-sickness virus, but they appear to occur also with many bacteria, and one may assume that they probably affect trypanosomes as well: in fact, Watson's work orn a strain of dourine in Canada strongly -suggests that such a change pccurred in one of his laboratory animals.
Before leaving the subject of classification, one is tempted to refer to the question of the actual nature of the original Trypanosoma brucei, the monomorphic trypanosome described by Plimmer and Bradford. In Zululand at the present day we recognize the occurrence of Tryjpanosoma congolense (the commonest species), Trypanosoma vivax and the polymorphic organism now designated Trypanosoma brucei; moreover the illustrations in Bruce's report suggest at least that these three forms existed in Zululand in 1896. No subsequent worker in Zululand, however, has been able to find a strain corresponding to Trypanosomna bratcei, Plimmer and Bradford, and it seems doubtful whether such a form has since been encountered in any part of Africa. This is a point to which I wish to refer again at'a later stage.
(2) TRANSMISSION. The work of Cross and Patel on the transmission of surra by ticks suggests interesting and important possibilities, but obviously confirmation of this work is necessary.
In spite of all the work done on the fly-transmission of various trypanosomes, and the great additions to our knowledge, there appears to be need for a still closer and wider investigation of this question, and perhaps particularly of the conditions under which mechanical transmission is effected by flies other than tsetses. It seems rather strange, in some instances, that such mechanical transmission does not occur more readily and commonly. For example, for many years hunting parties have been going up to Zululand from Natal, and many of them have suffered losses from nagana amongst their horses or donkeys, and their dogs. Most frequently, of course, the affected animals have shown severe symptoms in Zululand, and have died there, but in a number of cases such animals have developed nagana after their return to Natal. Ordinary biting flies are certainly not rare in many or most parts of that colony, but there does not seem to have been any great tendency for nagana to spread within it.
A case of natural infection actually occurred at the laboratory near Maritzburg during my stay there; the victim was a dog which had never been near Zululand, and the only possible source of infection was provided by the guinea-pigs in which we were maintaining a strain of Trypanosoma brucei. It was perhaps not absolutely certain that infection in this case had occurred through the agency of a fly, as there seemed to be a possibility that the dog had been allowed to eat an affected guinea-pig soon after its death (although such guinea-pigs were supposed to be burned in an incinerator), and it must be admitted that infection might take place in this manner. Assuming that this was actually a case of mechanical transmission by one of the ordinary biting flies, however, it can be confidently stated such cases occur very rarely in Natal. Some interesting and important observations have been made on the changes which are induced in a strain of trypanosomes as a result of its direct transmission, by artificial means, through a series of hosts of one particular mammalian species. Discussion of this subject will doubtless be carried further by a later speaker, who has published work of the greatest interest bearing directly on the question; I will therefore limit myself to the briefest summary. Such mechanical passage seems to result in an exaltation of virulence towards the particular species of host submitted to the inoculations, and the trypanosome itself tends to undergo a progressive change in morphology which causes it to conform more closely to the monomorphic type.
These important observations emphasize the necessity for the full study of trypanosome strains, as soon as possible after their isolation, and they provide a clue to the probable nature of the original Trypanosoma brutcei, Plimmer and Bradford. There seems to be little reason to doubt that the trypanosome first sent home by Bruce was actually the polymorphic organism now recognized as Trypanosomca brutcei, but that it had acquired monomorphic characters under artificial conditions.
A further important result of repeated artificial transmissions is that the most fundamental biological characters appear to be profoundly affected, and the ability to undergo cyclical changes in a Glossina may be completely lost.
A knowledge of these facts tempts us to speculate on the possible origin of Trypanosomna evansi and Trypanosoma equiperdum from the polymorphic glossinatransmitted strains. It certainly seems reasonable to expect that mechanical transmission in the field will have effects very similar to those induced by artificial transmission in the laboratory, but the testimony of field observations on such points is not quite definite. For example, Duke and other workers have ascribed the great virulence of certain strains to direct transmission by flies other than the Glossina ; whereas Mansfield Aders has called attention to the low virulence towards cattle of Trypanosoma conyolense in Zanzibar, an island quite free from tsetse-flies.
(3) DIAGNOSIS.
Some recent workers have reported favourably on the formol-gel test, and Knowles obtained excellent results in connexion with trypanosomiasis in Sudanese camels, but there have been many unfavourable reports from other quarters, and the value of the method for general purposes is doubtful.
The evidence relating to the diagnosis of trypanosomiasis by means of complementfixation is also conflicting, but there can be little doubt that the method is of great value in connexion with dourine. This is particularly fortunate, having regard to the extreme difficulty which may be experienced in establishing a diagnosis of dourine by any other means.
As an illustration of this fact, I will relate a personal experience. Some ten years ago I was sent to investigate an obscure and unrecognized disease which had for some time been causing loss amongst the horses in parts of Griqualand West. The evidence obtained suggested that the disease was most probably transmitted during coitus, and the clinical features permitted one to suspect that the condition was actually dourine. I was, however, quite unable to prove the correctness of my diagnosis, although affected horses were taken to the laboratory and kept under close observation. Transfusion of blood from affected to healthy horses was carried out on a large scale, and whenever an affected animal showed a plaque, or an aedematous swelling of any kind, laborious microscopic examinations were made, and long series of animals, small and large, were inoculated. After some time I handed over these horses to a colleague, Mr. J. Walker, who repeated the observations and inoculations on a still larger scale; he also procured further infected -horses. In spite of hundreds of inoculations, we never succeeded in establishing a strain, and no trypanosome was seen at any time in any of our cases. Samples of serum from a series of cases, together with sera from suitable controls, were forwarded to Watson, in Canada, as he had been utilizing the comnplement-fixation method on a large scale, and he was able with confidence to diagnose the condition as dourine.
(4) CHEMOTHERAPY.
A study of the numerous publications on this subject which are constantly appearing reveals very considerable differences of opinion with respect to the therapeutic value of particular drugs.
It is not surprising to find that a substance which proves effective against one species of trypanosome has far less action on some other species; for example, that tartar emetic has given little satisfaction in combating Trypanosoma brucei infections, although it appears to be the most effective drug yet tried for Trypanosoma congolense;
and that tryparsamide, which has given excellent results in Trypanosoma gambiense and Trypanosoma equinurn infection, proved of little value when employed by Edwards in cases of equine surra. It might also be anticipated that, with one particular strain of trypanosomes, the results yielded by a certain drug would be apt to vary widely according to the host species, and the degree of susceptibility of the host is clearly of importance in this connexion. This point is illustrated by some observations of Edwards on a strain of Trypanosoma evansi which was unusually virulent for cattle, and capable of causing acute infections in them, although most strains of evansi possess only a low degree of virulence for bovines. He found that he could effect cures with almost any trypanocidal agent, and it seemed that, although untreated cases proved fatal, it needed the intervention of only some very slight restraint on the multiplication of the parasites to enable the bovine organism to gain, and retain, the upper hand. With the very susceptible equine species, however, he found (like all other workers) that very few drugs yield results of any value whatever.
But even in cases occurring in the same host species, and associated with the same species of trypanosome, a drug may give very unequal results; we have to take into account such factors as the strain and source of the trypanosomes; the length of time during which the strain has been transmitted artiticially in the laboratory; the breed, age, and family history of the host; the method of infection adopted, and the stage of infection at which treatment was instituted.
Presumably the results of treatment may also be affected to some degree by concurrent disease and parasitic infestations, while good feeding and general care may be expected to have some influence, especially in protracted border-line cases.
Edwards obtained very favourable results in the treatment of equine surra by "Bayer 205," employing ordinary intravenous administration combined with intrathecal inoculations of the same drug in suitable amount and dilution. He emphasizes the importance of the invasion of the central nervous system, and the impotence of " Bayer 205 " (given intravenously) against the parasites in that situation, but considers that the doses and concentrations given intrathecally have often been quite excessive.
The general question of the precise object of therapeutic measures is not without interest and importance. We may aim at a rapid and complete sterilization, avoiding relapses and possible " drug fastness," but presumably leaving the patient susceptible to re-infections, or we may attempt to check and control the parasites, in order to afford to the host an opportunity of building up an efficient resistance. Edwards has given us a very successful example of this controlling or restraining treatment, in his cases of bovine surra, and Hornby has had much success of a similar nature in controlling conqolense infections in cattle with emetic. It appears, however, that this method is effective only when the natural resistance of the host is comparatively great, although insufficient, without further aid, to save the host, and it seems that we must aim at total eradication where the parasite has a high degree of virulence and the host a low grade of resistance, as in equine surra. Opinions are divided on this question, in connexion with the treatment of human trypanosomiasis.
(5) PROPHYLAXIS.
This, the most important question of all, might well furnish alone the subject for a debate-or several debates-more especially since some acute differences of opinion have arisen in relation to some aspects of the question. I will not attempt to discuss the possible measures which may be applied to the control and eradication of tsetse flies, but I hope that somebody more competent to do so will review our present knowledge and experience.
Chemotherapeutic measures may serve also to aid in prophylaxis, e.g., Iwanow has suggested the killing off of Trypanosoma equiperdum in semen by chemical means; and treatment which keeps the peripheral circulation free from parasites will obviously lessen the danger of transmission of infection to flies.
The question of the reservoir of infection is of the highest importance; one has to remember the part which may be played by domestic animals, and more especially by cattle. The wild game of Africa constitute a large and not easily controlled reservoir, but it is difficult to suggest any practical measures which will not immediately excite strong opposition.
We are all opposed to indiscriminate or unnecessary slaughtering of animals, and we should all regret the extinction of any of the beautiful species of antelope which abound in Africa. But purely sentimental considerations must not prevent the application of measures to protect the lives of man and domestic animals. Before, however, inaugurating drastic, costly, and highly distasteful measures, we require assurance that the object can actually be attained in that way. Game preserves are most desirable, but they must be sufficiently large, with natural boundaries which are easily guarded, so that game have ordinarily no pressing motive to stray outside, and can do so only with difficulty.
It has been urged that attempts at game destruction are apt to cause the numerous surviving animals to become widely scattered, taking fly with them into new areas, and that it is practically impossible to exterminate all the kinds of small game, more especially as the hunters are not nearly so keen on this side of their task. The fear has also been expressed that game extermination, if practicable, might make bad worse, by causing the flies to concentrate more on man and the domestic animals. It appears, however, that areas are cleared of fly as a result of the disappearance of game, and that game and flies soon begin to recede from any area which is at all thickly settled and well hunted; while the association of the disappearance of fly from the Transvaal with a severe epizootic of rinderpest is well known, although the more obvious interpretation is not universally admitted.
A further trial of game destruction on an experimental basis is at least justifiable and strongly indicated. There should be careful choice of area, method and personnel; the experiment should also be sufficiently prolonged. The expense of the measures is the only point of difficulty.
Dr. PHILIP MANSON-BAHR, D.S.O. I PROPOSE to confine myself to one portion of the subject, namely, the treatment of trypanosomiasis in man. I will only state general conclusions on the value of any particular line of treatment without entering into too much detail, basing my opinion upon a study of the recent literature, as well as upon my personal experience in the treatment of a limited number of cases. In doing this I am fully conscious of those limitations in comparison with the far more extensive opportunities enjoyed by workers in the endemic areas of the disease. There is only one advantage which I can claim, namely, that all my cases have occurred in intelligent Europeans whom I have been able to keep under close and constant observation, and with all of whom I have been able to remain in touch (which is not always the case when dealing with native races). There are two features in the introduction of any new drug which the practitioner of tropical medicine soon learns to realize-and this applies to diseases other than trypanosomiasis-first, that the action of a particular drug on the parasites of an artificially infected animal does not necessarily correspond with the therapeutic effects of the same substance in man; and, secondly, that there is an infinite variety in the reaction of individual patients to specific remedies; the human subject responds to them in a much less mechanical manner than do the ordinary laboratory animals, or even monkeys, which are more nearly allied to the human race. I now present a r4suWm of the recently elaborated treatment of trypanosomiasis with two drugs, entirely dissimilar in their constitution and mode of action.
The first is an aniline product known as "germanin" or "Bayer 205 " ; the second an arsenical compound, a highly elaborated atoxyl-known as "tryparsamide." GERMANIN, OR BAYER 205." This drug has a complicated composition, with the details of which I will not trouble you. Its exact composition is now known, and it appears to be identical with a synthetic compound produced in France and called "Fourneau 309." It is a white, flocculent powder, readily soluble in water, and can be administered by the mouth, or by intramuscular or intravenous injection; by the latter method, however, it appears to be far the most efficacious and is the one most generally practised.
The preliminary trials, in 1920 and 1921 (Haendel and Joetten, Mayer and Zeiss, Wenyon), in experimental animals infected with Trypanosoma equiperdum proved, as is now generally known, most encouraging. It must be remembered that in these animals the trypanosomes were most abundant in the blood-stream, and that it was with hmmic injections that the most striking results took place.
The drug was first applied to the treatment of trypanosomiasis in man in 1920, and, after some preliminary trials, the dose for an adult man was assessed at 1 grm. for an individual dose, and the total dosage, in order to produce a permanent cure, at 10 grm., distributed over as many weeks.
In man a single injection of the drug causes a disappearance of all the trypanosomes from the blood-stream in about eighteen hours. There appears, however, to be a remarkable momentary proliferation of the parasites preceding their disappearance.
This point was worked out for me in one case (Trypanosoma gambiense) by Dr. H. B.
Newham. Two-hourly examinations of the blood were made for two days subsequent to injection. Within six hours the trypanosomes had become twice as numerous as before, and thereafter the numbers gradually diminished, till at the end of eighteen hours they had completely vanished.
All observers are agreed upon the almost immediate sterilization of the blood, but relapses are not infrequent after 5 grm. have been given, and there is evidence thatR in man a strain of ' Bayer 205" is a definite kidney irritant, and produces, almost invariably, a subacute nephritis with albumin and casts in the urine. This may persist for six weeks after the cessation of treatment. The drug is excreted by the urinary tract, and some nephritis must therefore be a necessary concomitant. Occasionaliy, however, acute and fatal nephritis may ensue, as in the cases recorded by R. Y. Stones and C. C. Chesterman. There appears to be practical unanimity of opition that "Bayer 205 " does not influence the meningeal reaction, so that patients in the second stage of the disease, with invasion of the central nervous system by trypanosomes, though they may respond temporarily, are not permanently cured and almost invariably relapse (Kleine and Fischer, Tanon, Jamot, and Chesterman). In order to combat this failure of the drug, intrathecal injections have been resorted to, but this method is highly dangerous and death may ensue after 0 25 or 0 3 grm.,, or 0.1 grm., as in one of my own cases (Trans. Roy. Soc. Trop. Med. and Hyg., 1923,. xvi, pp. 374-78, Case No. 9).
German workers (Kleine and Fischer, and others) now believe that permanent sterilization of the blood is ensured, and the liability to " fastness " diminished by intensive treatment during the first week, when 2 or even 3 grm. should be given, spaced over as many days.
There is some evidence that " Bayer 205" is more efficacious in Trypanosoma My own impression regarding the value of "Bayer 205" is that it is the drug of election in early haemic infections, especially in Trypanosoma rhodesiense cases and in those instances in which the trypanosomes have become "fast" to arsenic or antimony compounds.
I will quote two striking instances:-(a) The history of this patient has already been recorded in Trans. Roy. Soc. Trop. Med. and Hyg., xvi, 1923, No. 8 TRYPARSAMIDE. Tryparsamide is the sodium salt of N. phenyl-glycineamide-p-arsonic acid, and was prepared by Jacobs and Heidelberg, of the Rockefeller Institute. In 1919 Brown and Pearce 1 published the results of its action in laboratory animals infected with Trypanosoma rhodesiense and Trypanosomna gambiense. In 1920, Louise Pearce investigated the action of the drug in man on the Congo in seventy-seven cases. The conclusion was that large individual doses of 1 to 5 grm. produced sterilization of the blood in gambiense cases in six to twelve hours. The only untoward symptoms noted were dimness of vision after excessive doses. Optic neuritis and blindness, or in slight cases restriction of visual field, have recently been recorded by Walravens and Dye. The conclusion arrived at, was that amounts up to 3 grm. per week should be given, and that from 20 to 50 grm. of the drug are necessary to produce a permanent cure.
The drug is usually given bv the intravenous route and this method appears tc be the most satisfactory. Subcutaneous injections, according to Lefrou and Ouzilleau, produce abscesses, though J. C. King (Amer. Journ. Med. Sci., 1926, clxxii, No. 1) has shown that intramuscular injections in 20 per cent. solution are well tolerated in doses of 3 grm. per week for ten weeks, and have produced favourable clinical results.
Convincing evidence has now accumulated to show that tryparsamide exerts a profound influence on the meningeal reaction in Trypanosoma gambiense infections. It is therefore the drug of election in the second and third stages of the disease in which "Baver 205" has no effect.
Miss Pearce, and later Chesterman, working on the Congo, were the first to show conclusively that, whether the drug entered the cerebro-spinal fluid or no, the cellcount and the albumin content were profoundly influenced by its injection. The clinical improvement of the cases proceeded pasi passu with the disappearance of nervous phenomena and diminution of the cell-count. Patients who were previously partially paralysed returned to work. Van den Branden (Bull. Soc. Path. Exot., 1926, xix, No. 1) has recently confirmed this work, but has pointed out that failures with tryparsamide are most likely to occur in those patients who have previously undergone a treatment with atoxyl and soamin which had rendered the trypanosomes arsenic-fast. J. Laigret (Ann. Inst. Past., 1926, xl, No. 3), considers that tryparsamide should supersede all other remedies in the French Congo, and that its effects are especially striking in the later stages of the disease in which all other drug treatment is useless.
My own experience of the treatment of patients with tryparsamide is limited, but I cannot refrain from quoting two cases under my observation in which trvparsamide apparently effected a complete cure when " Bayer 205 " had failed, and again I would emphasize that it is with a question of drug fastness that we have to deal. (b) An official conitracted Trypatnosomia gaiibiense infection on the Gamiibia " some tilme" in 1923. This infectioni was diagnosed by miiyself on June 23, 1924.-He then had typical rash, enlarged cervical glands anid enlarged spleen. He aliimost immediately received a course of 5 grin. of " Bayer 205," but relapsed withiln fouiteen days. In August and Septenmber, 1924, he was injected with 23 grini. of tryparsamide. Since then he lhas returned to his arduious duties oni the Gamibia, anid has remiiainied in good health.
DISCUSSION.
In stummiiarizing the present position of the treatment of trypanosomiasis in man, one can only feel great hopefulness for the future. Whatever may be the shortcomings of the present system, it must be admitted that great advances have been witnessed during the last six years. Furtlher striking developments on chemotherapeutic lines in the preparation of specific trypanosomicidal drugs will doubtless take place.
The analogy between trypanosomiasis and syphilis is a very close one. The early stages of both infections are characterized by the appearance of the parasite in the blood-stream; and it is only in the terminal stages that massive invasion of the central nervous system takes place. Salvarsan, which is efficacious in hlemic syphilis, has rio effect in general paralysis and tabes. On the other hand tryparsamide is able to influence the cerebro-spinal fluid and has proved effective in cerel)ral syplhilis as well as in cerebral trypanosomiasis. In view of the particular action of the two drugs whichl form the tlhesis of this communication, I would strongly tirge that the most effective and rapid treatment of human trypanosomiasis may lie in a combination of " Bayer 205" and tryparsamide, or alternating treatment at short intervals with both compounds. These two substances are the antitlhesis of one another, so that by alternation no " fastness " can be developed.
Amnebiasis, another protozoal infection, also supplies a striking analogy. There is much evidenice that in amoebic dysentery the amoebae may become resistant to einietine and it is jitst in these cases that an entirely dissimilar substance-yatren (oxyquinolin-sulphuric acid) often produces a lernmanent cure.
It cannot be too strongly emphasized that in dealing with Central African natives, wlho are the most pathetic victims of trypanosomiasis, brevity in the course of treatment is of crucial importance. Such a rapidity in cure is likely to be effected by a combined treatment of the kind just advocated. No native will, of his own free will, remain in hospital for a protracted course of treatment.
If we may instance, for the purpose of comparison, the customs of the boxing ring, it is essential that one should hammer away at the victim with alternating l)lows in order to puzzle and exhaust hiim before finally administering the " knock out." The same holds good with our therapeutics, except that we need not observe any N.S.C. rules, and administer whenever we can " a hit below the belt " where the trypanosome is concerned.
In The first speaker in this discussion, Dr. Andrews, introduced several points in which I am specially interested owing to personal experience of human trypanosomiasis in laboratory animals. As this is a meeting of veterinarians, comparative pathologists, and medical men, it has seemed advisable to open this discussion by laying emphasis on the close relationship of the polymorphic group of African trypanosomes as found in man and other animals in tropical Africa. Morphologically there is no visible evidence that the polymorphic trypanosomes of the game and man in Africa are different species. Duke (1912) has shown that in wild antelopes a trypanosome occurs identical to Trypanosoma gambiense of man, and since the discovery of Trypanosoma rhodesienise, the more virulent trypano-some of man, it is becoming more or less the opinion that this is identical with Trypanosomla brutcei. Further, Duke (1921 and 1922) has brought forward the hypothesis that there is possibly only one true species of polymorphic trvpanosome and that, froim a systematic point of view, Tr!ypanosorna gambiense, Trypanosonza nigeriense, Trypanosoma rhodesiense and Trypcanosomna bruicei might be regarded as races, strains or varieties of a single species. Again, Duke (1923) suggested the possibility of Trypanosomia evan,si, Trypatnosoma equinmtsel, and Trypanosoma equiperdumli having originated at some time or other from the polymorphic group.
It is quite possible that Duke's hypothesis may be proved correct, but, so far, no. one has yet managed to make a strain of Trypanosomna gambienise assume the posterior nuclear forms characteristic of Trypanosoma brucei. Repeated mechanical transmission from rat to rat of Trypanosoma gambiense and Trypanosoma rhodesiense, will in the process of time produce strains whiclh, to all intents and purposes, would on morphological grounds be considered as Trypanosomna evantsi or Trypanosoma equtiperdumqz. Recent observations by Thomson and Robertson (1926) emphasize this fact, and there is much to be said in favour of the hypothesis that the trypanosomes of "surra" may have originally developed from the polymorphic group. Thomson and Robertson (1926), experimenting withl laboratory strains of Trypanosorna yambiense and Trypanosoma rhodesiense, have shown that after repeated subinoculations in rats these species lose their characteristic morphology, but that if thie host is suddenly changed, e.g., from a rat to a guinea-pig, it is sometimes possible to restore the original characteristic morphology of Trypanosomia rhodesienise. Aftermany years of sub-inoculations the return of the characteristic morphology by change of the host would appear to be more difficult, but the same observers found that certain arsenical preparations, e.g., halarsol, when administered to a rat, had the property of again stimulating the trypanosomes to assume their original morphological characters. These changes are illustrated by the specimens now shown under the microscope. It would seem, therefore, that in some unexplained manner the morphology of the trypanosome is influenced by the reaction of certain new hosts into which it is introduced, e.g., from rat to guinea-pig, and that the same changes can be accomplished by altering the reaction of a rat by the injection of an arsenical. It can be experimentally demonstrated that biological and physiological variations can be produced in laboratory strains of human trypanosomes.
Are the human polymorphic trypanosomnes, namely, Trypanosomna gambiense (Trypanosoma nigeriense) and Trypanosorna rhodesiense, identical with the similar polymorphic trypanosomes in game, cattle, and horses, etc., in Africa ? Controversy rages around this point, and it is held by one school of observers that these trypanosomes differ. The classical experiment of Taute and Huber (1919), who inoculated themselves and 129 natives with blood from four horses and two mules containing trypanosomes like Trypanosorna rhodesiense, and failed to produce any Comparative Medicine, and Tropical Diseases and Parasitology 105 infection, seemed almost to decide that in spite of their morphological similarities they were different species. Yorke and Blacklock (1922) , however, have pointed out that there may be a fallacy in this latter experiment. As an example, it is often extremely difficult to subinoculate Trypanosoma gambiense from a human being into a rat. In fact the rat may be so resistant to the initial human infection that, although actually infected, trypanosomes may not be detected in the blood-stream for months (vide Thomson and Robertson, 1926') . Many workers have emphasized this resistance of rats to Trypanosoma gambiense, an infection being produced which might aptly be compared to what has been termed " cryptic trypanosomiasis." There are various phiysiological variants of strains of Trypanosoma gambiense, some very avirulent and others extremely virulent. The factors governing this form a most interesting problem in immunity. In one instance, Thomson and Robertson (1926) isolated two different strains of Trypanosoma gambiense from the same patient at an interval of about two years. The patient had never been out of England after his first infection in Africa. The extraordinary difference in the virulence of the two strains isolated in rats from this patient at an interval of two years is a remarkable fact. In view of these experimental inoculations of rats with human trypanosomes, it is not astonishing that Taute and Huber failed or apparently failed to infect man from animals and, had it been possible for these observers to carry on sub-inoculations from their originals into other human beings, the conclusions drawn from such an experiment might have been very different. There is good reason to believe that the polymorphic trypanosomes of man and the big game are simply strains of the samne species.
It has been suggested by Duke that mechanical transmission may explain localized human epidemics in certain areas of Africa; this idea is favoured by Yorke, but Kleine does not believe in it. It must be admitted that mechanical transmission has been definitely proved to be possible and does occur in nature e.g., " surra " and " dourine" are propagated by this method. Mechanical transmission, however, does not seem entirely to explain the problem of epidemics in African human sleeping sickness, and some other factors may be concerned in the enhancement of virulence. Passage through a strange host sometimes increases the virulence, e.g., Thomas and Breinl (1905) found that a strain of Trylpanosoma yambiense, passed through a baboon, exhibited an enhanced virulence to rabbits, rats, cats, guinea-pigs and monkeys. Thomson and Robertson (1926) noted occasionallv a well-marked increase of virulence of Trypanosoma rhodesiense to rats by passage through a guinea-pig. It is possible that such changes of virulence might occur in human epidemics by passage through certain animals.
Treatment.
Yorke (1924) pointed out that this varied virulence of trypanosomes, both in man and the lower animals, must be remembered in estimating the effect of treatment and that it may explain some of the apparently contradictory results in treatment reported by various authors. We have attempted above to emphasize the varied virulence of Trypanosoma gambientse to rats, and, in treating these with the object of testing any particular drug, this must be taken into account if confusion is to be avoided. Clinical cure may be produced in both man and animals, but careful observations over a prolonged period are necessary before concluding that the cure is a permanent one.
Kleine, while using "Bayer 205," obtained very definite clinical benefit in human cases, but later found that the cerebro-spinal fluid was still infected in patients I Thomson, J. G., and Robertson, A., " Variations in the Virulence and the Morphology of eertain Laboratory Strains. of Trypanosoma gambiense and Trppanosomna rhodesiense from Human Cases," Journ. Trop. Med. & Hyg., 1926, xxix, 402-410. showing no signs of the disease. In the treatmnent of rats infected with Tryipanosoma rhodesiense, Thomson and Robertson (1926) found that they could clinically benefit rats by treatment witlh various arsenical compounds. On one occasion a rat treated with tryparsamide remained well for over six months, and during that time reared a healtlhy family, but after thie animal was killed it was found that trypanosomes were still present in the cerebro-spinal flui(l.
Appropriate drugs, therefore, would seem, both in man and other animals, to have the power of producing a tolerance to infection. I have been interested in Dr. Manson Bahr's and Dr. Andrews' communications, and it mighlt have been possible to prolong this discussion by dealing more fully with the problem of treatment. In conclusion, I would emphasize certain facts proved by experimental observations. The virulence may be increased, and in some cases actually decreased by mechanical sub-inoculations. The morphology of the trypanosomes is altered by repeated sub-inoculations into laboratory animals, and by this means the polymorphic trypanosomes may assume the characteristics of the " evansi group," thus supporting Duke's hypothesis that the monomorphic trypanosomes may have originated in this manner. The reaction of the host on the trypanosomes is interesting in that if a sub-inoculation is made into a new bost the result may affect the morphology. Similar changes in morphology can be produced by the action of certain arsenical compounds.
Mr. HUMPHREY NEAME. Keratitis in animals inoculated experimentally lhas been produced in a considerable proportion of cases. David Bruce, Warrington Yorke and Morax report or describe its occurrence. The animals in which this keratitis was produced were dogs, goats and a horse. A dog, inoculated by Daniels, developed marked opacity of the cornea. It is from this specimen that the sections which are shown were prepared. I have to thank Mr. Treacher Collins for passing on the specimen to me.
The salient points of the pathological changes are vascularization of the cornea in all its layers, marked cell infiltration in the peripheral parts with abundance of trypanosomes in the infiltrated area. The deeper layers of the central part of the cornea show necrotic changes in the loss of nuclear staining. The iris and ciliary body are also infiltrated and contain very numerous trypanosomes. There is solmie fibrinous exudate in the anterior chamber closely packed with poorly stained organisms.
In man affected with trypanosomiasis, the occuirrence of interstitial keratitis has also been reported. Shirecore mentioned five in twenty-nine cases, Thiroux one in four cases. Iridocyclitis was also found. No reference to pathological examination of an affected eye in man has been traced.
Conclutsions.
In trypanosomiasis in animals of various species, and perhaps also in man, a parenchymatous keratitis is often produced. In some cases this is accompanied by iritis and cyclitis. Pathological examination reveals a moderately severe degree of inflammation of these structures, with marked new formation of vessels in all layers of the cornea and in one case (dog) some necrosis in the centre of the cornea. As far as has been ascertained, it bears the closest resemblance clinically and pathologically to distemper keratitis in dogs and to syphilitic interstitial keratitis in man.
In the more severe cases of the latter, necrosis of part of the cornea takes place with consequent dense scar formation and very serious impairment of vision. It is probable that pathological examination of late stages of severe cases of distemper in dogs, and of trypanosomissis in various animals, would reveal a similar scarformation in the centre of the cornea-as a cause of serious visual impairment. Pathological examination of periodic ophthalmia in horses, of tuberculous keratitis in man and in cats, and of leprous keratitis in man, reveals similarities but also various differences. In trypanosomiasis, distemper and syphilis in man and animals, the affection of the eye is a local manifestation of a blood infection, and is an important plhysical sign of disease.
Major-General D. HARVEY, C.M.G., C.B.E., M.D.
Dr. Andrews has referred to the original work of Sir David Bruce in Zululand in 1895-6. As I had the privilege of working with Sir David Bruce for several years, I am in a position to offer some information on the subject.
When we were in Nyasaland we had the opportunity of re-examining some of the original slides prepared by Sir David and Lady Bruce when they were in Zululand, and as a result of this examination we were able to state that (as Dr. Andrews surmised) they had been working with three different strains of trypanosomes. One, pecorurn as we called it, but really conqolense, the small cattle trypanosome of Africa; Trypanosoma vivax, the larger trypanosome whichl specially affects goats; and Trypanosomna britcei, the polymorphic trypanosome.
While in Nyasaland we had also the opportunity of comparing the local Trypanosorna brtcei with a strain of Trypanosoma brucei sent to us from Zululand, and it was noted that there was some difference in morphology between the two. The Zululand trypanosome showed a more exaggerated polymorphism than the local strain-that is, the slhort and stumpy forms of the Zululand strain were shorter and more stumpy and the posterior nucleated forms were more numerous than in the local strain. This refers to the examination of films prepared from the blood of infected white rats. After passage through the local tsetse fly, whlich differs from the Zululand tsetse, these characteristics remained unchanged.
Dr. Andrews has imferred to the strain of blrncei whichi is to be found in European laboratories as being practically monomiiorphic, and Plimmer and Bradford's original description was of this order; he also stated that such a strain had never again been found in nature. This is not quite correct, for, while we were in Nyasaland, we came across, in one instance, a monomorphic strain of brucei to which we gave the name of "the trypanosome of the naturally-infected dog." This trypanosome, unlike the polymorphic form, gave rise to a very chronic illness in dogs and other animals. After many unsuccessful attempts we succeeded in infecting flies with this strain in the hope that passage through the fly mighit cause it to revert to the polymorphic form, but to our surprise this was not so, and the trypanosome in infected animals still retained its original monomorphic form and low virulence for animals.
It has been suggested that a similar strain may have reached this country originally, as it is obvious that the very virulent polymorphic strain which killed dogs in a few days could not be senlt home unless by repeated inoculations in a series of animals. This monomorphic strain might be the survivor of a mixed infection. It is unlikely that the change to monomorphic form took place by repeated inoculations, as the brucei strain was already monomorphic when examined orginally by Plimmer and Bradford. However, the fact remains that Trypantosorna brucei is widely distributed in Africa and is a polymorphic trypanosome, as was shown by examination of the original slides made in 1895-6.
Another point referred to by Dr. Andrews was the alteration in virulence of trypanosomes by passage through an alternative host. This point was very strikingly shown in our work in Nyasaland in connexion with the trypanosome which we called Trypanosoma simia, found in the blood of the wart-hog and in infected flies brought up from the low country. This trypanosome was extraordinarily virulent for monkeys and young domestic pigs, killing the former in seven or eight days and the latter in three or four from the time of inoculation. But when inoculated into goats it produced a chronic illness only, and sub-inoculation from the goat was exceedingly difficult; only in one or two instances did we succeed in infecting monkeys, and these recovered after a slight illness, although the trypanosome had actually appeared in the peripheral blood. Thus, a single passage through a resistant animal like the goat may entirely alter the virulence of a trypanosome for susceptible animals. It is suggested that the same may take place as regards the human trypanosome and the game, the latter acting as a buffer for human beings.
Major-General Sir JOHN MOORE, K.C.M.G., C.B. said he had lived for many years in India, and was there a good deal faced with trypanosomiasis, in the form of Trypancsoma evansi (surra), which was very prevalent, especially amongst camels. The lives of many camels belonging both to the Army and the civil population were lost through that disease.
He had been brought more into connexion with the practical side of the disease and its treatment, and during the time he was Director of Veterinary Services in India Captain Cross did extraordinarily good work in treating infected animals by means of potassium-antimony tartrate. The Army authorities handed over to Captain Cross many animals for treatment, and he effected many most satisfactory cures. Subsequently, in conjunction with some of the officers of the R.A.V. Corps,notably Major Lecky,-Captain Cross used the sodium salts of antimony tartrate, and with those he obtained even better results than with the potassium salts. Major Lecky's findings were recorded in the veterinary journals a few months ago. Last year, India had been faced with an epizootic outbreak of surra in horses of a very virulent type. Last May Dr. Edwards read a very valuable paper on the subject at the Institute of Hygiene, his report being printed inD the Proceedings of that Institute. Dr. Edwards had obtained excellent results from the use of " Bayer 205." His work dealing with surra in horses was not yet quite complete, but he had promised to publish his final findings before long, the report of which, no doubt, would be a remarkable addition to knowledge on the subject of trypanosomiasis.
He (Sir John Moore) had not himself had experience of either tryparsamide or "Bayer 205," but their action interested him very much. The advent of any drug which would cure the disease would be hailed with delight in India, because camels, which were very valuable animals in that country, had been decimated by it. During his residence in India the disease among the animals was so severe and troubled the authorities so much that a kind of Surra Commission, of which he was a member, had been instituted. The object of the Commission was to take action with regard to prevention, and inquire into means of infection, etc. The activities of the Commission even extended to a fly survey in India, the results of which had been fairly successful.
Dr. ANDREWS (in reply) said that details concerning the treatment of the disease in human beings had been clearly and definitely stated by Dr. Manson-Bahr. One speaker gave some exceedingly interesting explanations on the question of the natural findings of monomorphic strains of trypanosome, approximating, at any rate, to the type of the original Comparative Medicine, and Tropical Diseases and Parasitology 109 Trypanosoine brucei. He recognized that in the early stages of Sir David Bruce's work-work which led later to such valuable research, it was inevitable that Sir David should encounter a mixture of trypanosomes, and it was not impossible that the particular trypanosome whichi was sent to some European laboratories was one of the least common to be encountered in that region. If that was the case, it was, perhaps, an unfortunate accident, but such tlhings did occur. He (Dr. Andrews) thought, generally speaking, that such a trypanosome occurred very uncommonly in Africa. General Harvey said it was encountered in a dog, and he (the speaker) believed he had read something to that effect. Though none of the subsequent workers in Zululand had encountered that trypanosome, he would not deny the fact of its possible occurrence there at the present day.
No continuous and extensive work had been carried out in Zululand, tlhough Mr. Curson and Mr. Mitchell, in that country, had made many careful inquiries there some years ago. It was quite possible that such a trypanosome might be prevalent without workers having had the good fortune to encounter it.
